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Rt CO M B IN A NT PROTEIN CONTAINING A C-TERMINAL 

FR.A<;.MENT OF PLASMODIUM MSP-1 
The invention relates to novel active principles for vaccines derived from 
the major surface protein in merozoite forms of a Plasmodium which is infectious 
5 for mammals, especially man. more generally termed MSP-1 

MSP-1 has already been the subject of a number of studies It is 
synthcsised in the schizont stage of Plasmodium type parasites, in particular 
Plasmodium falciparum, and is expressed in the form of one of the major surface 
constituents of merozoites both in the hepatic stage and in the erythrocytic stage of 
in malaria (|U 2. i. 4). Because of the protein's predominant character and 
conservation in all known Plasmodium species, it has been suggested that it could 
be a candidate for constituting anti-malarial vaccines (5, 6). 

The same is true for fragments of that protein, particularly the natural 
cleavage products which are observed to form, for example during invasion by the 
15 parasite ii?to erythrocytes of the infected host. Among such cleavage products are 
the C-terminal fragment' with a molecular weight or 42 kDa (7- 8) which is itself 

cleaved once more into an N-terminal fragment with a conventional apparent 

i 

molecular weight of 33 =kDa and into a C-terminal fragment with a conventional 
apparent molecular weight of 19 kDa (9) which remains normally fixed to the 

20 parasite : membrane after the modifications carried out on it, via 
glycosylphosphatidylinositol (GPI) groups (10, 11). 

It !ib also found at the early ring stage of the intraerythrocytic development 
cycle (15, 16), where the observations were made that the 19 kDa fragment could 
play a role which is not yet known, but which is doubtless essential in re-invasive 

25 processes; This formed the basis for hypotheses formed in the past that that 

protein could constitute a particularly effective target for possible vaccines. 

It "should be understood that the references frequently made below to the 
** ■ 

p42 and p 19 proteins from a certain type of Plasmodium are understood to refer to 
the corresponding C-terminal cleavage products of the MSP-1 protein of that 
30 Plasmodium or. by extennon, to products containing substantially the same amino 
acid sequences, obtained by genetic recombination or by chemical synthesis using 
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conventional techniques, f„ r example usins the "Applied System" synthesiser, or by | 
"MerriSeld** T>pe solid iphase synthesis. For convenience, references to "Recombinant 
p42" and '"recombinant pi 9*' refer to **p42 fc * and *p!9" obtained b>' techniques 
comprising at least one genetic engineering step 
5 Faced with the difficulty of obtaining large quantities of parasites for 1\ 

fafci/xiritrtt and the impossibility of cultivating /> vtvax in W/ra, it has become clear that 
the only means of producing an anti-malaria vaccine is to resort to techniques which 
use recombinant proteins or peptides. However. MSP-1 is very difficult to produce 
whole because of it large size of about 200 kDa. a fact which has led researchers to 
I (j study the C-tenminal portion, the (still unknown) function of which is probably the 
more important. 

Recombinant proteins concerning the C -terminal portion of the J\ falcijKirttm 
MSP-1 \yhich have been: produced and tested in the monkey (12. -40, 4 1 ) arc 

• a pi 9, fused with a Klutathione-S-transferase produced in A". cy>// (40); 
15 • a p42 fused with a glutathione-S-transferase produced in E. cw//, 

• a pl9j fused with a polypeptide from a tetanic anatoxin and carrying auxiliary T 
cell epitopes produced in 5. cerevisiae (12); 

• a p42 produce in a baculovirus system (4 1 ), 

A composition containing a pi 9 protein fused with a glutathione-S- 
20 transferase produced in •£*. colt combined wiih alum or liposomes did not exhibit a 
protective effect in any of six vaccinated Aotus nancymai monkeys (40). 

A; composition containing a p42 protein fused with a glutathione-S- 
transferase produced in E. colt combined with a Freund complete adjuvant did not 
exhibit aiprotective effect in two types of Aotus monkeys M, uancymai and A. 
25 vociferates) when administered to them. The pi 9 protein produced in .V- cewisiae 
exhibited; a protective effect in two A. nancymai type Aotus monkeys (12). In 
contrast, there was no protective effect in two A. vociferans type Aotus monkeys. 

Some researchers (Chang et al,) have also reported immunisation tests 
carried out in the rabbit using a recombinant p42 protein produced in a baculovirus 
30 system and containing one amino acid sequence in common with P. falciparum 
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(18)! Thus These laner authors indicaie that in the rabbii ihat recombinant p42 
behajves subsrantially in the same way as the entire recombinant MSP-1 protein 
(gpl&5). This p42 protein in combination with a Freund complete adjuvant has 
been! the subject matter of a vaccination tesi in a non-human primate susceptible to 
5 infection by J J falciparum. Autus\ lemurinus prisemembra (40) The results 
showjed that 2 of 3 animals were completely protected and the third, while 
exhibiting a parasitemia which resembled that of the controls, had a longer latent 
period. It is nevertheless dangerous to conclude a protective nature in man for the 
antibodies thus induced to counter the parasites themselves. It should be 
in remembered that there are currently no very satisfactory experimental models in 
the prjimate for P. vhnx and P % falciparum. The Saimiri model, developed for /* 
falciparum and P vivax. and the Aonts model for P. falciparum, are artificial 
systems requiring the parasite strains to be adapted and often requiring 
splenectomy of the animals to obtain significant parasitemia. As a result, the 
15 vaccination results from such models can only have a limited predictive value for 
man. 

; In addition to questioning what the real vaccination rate which could 
possibly be obtained with such recombinant proteins would be. the presence in p42s 
from ^Jasmadiums of the same species, and more particularly in the corresponding 
?o p33s, sof hypervariable regions could in many cases render uncertain the 
immunf>protective efficacy of antibodies induced in individuals vaccinated with a 
p42 from a Plasmodium strain against an infection by other strains of the same 



25 



30 



species 



(13). 

The high polymorphism of central regions of the p42 could even play a 
significant role in immune escape, often observed for that type of parasite. 

However, it appears that p42s from a variety of Plasmodiums which are 
jnfectioi>s for man comprise hypervariable regions principally concentrated in their 
III regions, and more still in their respective II regions: see the publication by S. 
Longac(|e (13) in which the p42 sequences from P. cynomolgi, P. v/var (Belem) 
and /> v^vor (SaJ-l) were aligned. The "consensus" sequence of the accompanying 
Figure 4 added to the p42 sequences of those three parasites bears witness to this. 
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The imicJe by S. Longacre (13) describes the conditions under which the 
regions were determined. Ii should be noted that accompanying Figure 4 is 
nothing Fess ihan a reproduciion of Figure 1 in the Longacre article. The reader is 
invited to refer to the key to that Figure. This also highlights the relative sizes of 
5 the four regibns of the p42 (region IV corresponding ro the sequence of the pi 9) 
expressed as' percentages with respect to the size of the sequence coding for the 
whole of thejp42. 

Figurje 4 of the present application also shows that the percentage 
homology is high between the sequences of regions I of P. cynamalpi and P. vtvax. 
10 84% in regijon 1. 86% in region IV. In contrast, this percentage homology 
decreases substantially in region III (69%) and more still in region II (47%). 

A first aim of the invention is thus to provide active principles for vaccines 
from p42 which are more capable of protecting the host against immune escape as 
discussed abdve. 

15 It follows that fragmentation of p42 as just envisaged can also be exi ended 

to P. falciparum^ the parasite which is principally responsible for acute forms of 
malaria in man, all the more if the locations of the zones separating regions 1. II. Ill 
and IV of the constituent sequences of />. cynomogi and the two varieties of P. 
vivax have been determined by analogy with corresponding sites already identified 
20 in P. falciparum* as described in (34) and (35). 

More jparticulariy, the invention provides vaccinating compositions against 
a Plasmodium type parasite which is infectious for man, containing as an active 
principle a recombinant protein which may or may not be glycosylated, whose 
essential constituent polypeptide sequence is. 
25 • either that bf the p42 from which region II and. if necessary, all or part of region 
III have bej»n deleted: 
f or that of I a portion of that fragment which is also capable of inducing an 
immune response which can inhibit in viva parasitemia due to the corresponding 
parasite; i 
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• or that of an immunologically equivalent peptide of said p42 fragment or said 

portion of that fragment; and 
said recombinant protein further comprises conformational epitopes which are 
unstable in a reducing medium and which preferably constitute the majoritv of the 
epitopes recognised by human antiserums formed against the corresponding 
Plasmodium 

More particularly, then, the invention provides a recombinant protein, which 
may or may not be glycosylated, originating from p42 and containing both the 
essential portions of region I and region IV defined above to constitute 
immunogenic compositions, in particular vaccines. 

If necessary, said recombinant protein, which may or may not be 
glycosylated, also contains the conserved portion of region III which is located on 
the C-terminal side of the p33. close to the pi 9. in particular that which extends 
between amino acids 255 to 273. or more particularly still between amino acids 
255 to 270 (sei* the numbering of the consensus region in Figure A). 

In other words, all or pan of the less conserved portion of region III can be 
deleted from the N-terminal portion of region III. 

For convenience, reference will frequently be made below to a ^partially 
deleted p42" to designate the modified p42. as defined above. 

The presence in this active principle of said conformational epitopes could 
play an important role in the protective efficacy which it can confer on the 
vaccinated host. They are particularly found in the active principles which exhibit 
the other characteristics defined above, when they are produced in a baculovirus 
vector system. If needs be, it is mentioned below that the expression "baculovirus 
vector system" means the ensemble constituted by the baculovirus type vector 
itself and the cell lines, in particular cells of insects transferable by a baculovirus 
modified by a sequence to be transferred to these cell lines resulting in expression 
of that transferred sequence. Preferred examples of these two partners in the 
baculovirus system have been described in the article by Longacre et al. (19). The 
same system was used in the examples below. It naturally follows, of course, that 



variations in ihe baculoviius and in ihe cells which can be infected bv the 

baculovirus can be made in place of those selected. 

The unstable character of these conformational epitopes in a reducing 

medium can be demonstrated by the test described below in the examples, in 

particular in the presence of B-mercaptoethanoI. 

From this viewpoint, recombinant proteins derived from the recombinanr 

p42 produced by Longacre et aJ. (14) can be used in such compositions. It should 
be remembered that £. Longacre et al. succeeded in producing a recombinant pi 9 
from the MSP-1 of P. rnar in a baculovirus vector system containing a nucleotide 
sequence coding for the pi 9 of PiasmtHttum rmiar. in panicular by transfectinu 
cultures of insect cells [Spodoptera fru&perda (Sf9j line] with baculovirus vectors 
containing, under the control of the polyhedrin promoter, a sequence coding for 
the peptide fragments defined below, with the sequences being placed in the 
following order in the baculovirus vector used; 

• a 35 base pair 5 T terminal fragment of the polyhedrin signal sequence, in which 
the methionine codon for initiating expression of this protein had been mutated 
(to ATT); 

• a S'-terminal nucleotide fragment coding for a 32 amino acid peptide 
corresponding to the N-termina! portion of MSP- 1. including the MSP-1 signal 
peptide; 

• either a nucleotide sequence coding for pi 9. or a sequence coding for the p42 
of the MSP-1 protein of Plasmodium Ww, these sequences also being 
provided, depending on the case, with ("anchored" forms) or deprived of 
(soluble forms) 3' end regions of these nucleotide sequences for which the end 
C-termina! expression products are reputed to play an essential role in anchoring 
the final pi 9 protein to the parasite membrane; 

p 2 TAA stop codons. 

For p42, the sequences derived from the C-terminat region of MSP-1 
would extend as a result from amino acid Asp 1325 to amino acid Leu 1726 
(anchored form) or to amino acid Ser 1705 (soluble form) and for pi 9, the 
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sequences would extend from amino acid He 1602 to amino acid Leu 172o 
(anchored form) or to amino acid Ser 1 705 (soluble forrrO it being understood that 
the complete amino acid sequences of p42 and pi 9 for which the initial and 
terminal amino acids have been indicated above follow from the gene of the Befem 
isolate of P. vivax which has been sequenced (20) 

Similar results were obtained using, in the same vector systems, nucleotide 
sequences codine for the pi 9 and p42 of Plasmodium cynonmlgi. The interest in 
P. cynomolgi is twofold: it is a parasitic species very close to P. vtwix which is 
highly infectious for the macaque. It can also infect man. Further, access to the 
natural hosts of P. cy/rornofgL rhesus monkeys and toque macaques, is also 
possible, to test the efficacy of the protection of MSP-) from /* cyitumaJgi in 
natural systems, The rhesus monkey is considered to be one of the most 
representative species for immune reactions in man. 

In particular, excellent results have been obtained in vaccination tests 
carried out using the toque macaque with two recombinant polypeptides, soluble 
p42 and pl9 derived from P. cynomalgL respectively produced in a baculovirus 
system and purified on an affinity column with monoclonal antibodies recognising 
the corresponding regions of the native MSP-1 protein. The following 
observations w er e made: six monkeys immunised with pi 9 alone (three monkeys) 
and pi 9 and p42 together (three monkeys) all exhibited practically sterile immunity 
after challenge infection. The results obtained in the three monkeys immunised 
with p42 were less significant. Two of them were as above, but since the third 
exhibited a lower parasitemia than the controls immunised with a PBS buffer in the 
presence of Freund adjuvant (3 monkeys) or not immunised (3 monkeys), it was 
less clear. 

The particularly effective test results carried out with the macaque with 
recombinant polypeptides produced in a baculovirus system using a p42 in 
combination with a recombinant pi 9 from P. cynomolgi showed that recombinant 
polypeptides respectively containing recombinant p42s from other Piasmodiums 
must behave in the same manner. These tests are more meaningful for malaria in 
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man than the results from tests carried oui with A r/iw or I*, falciparum in their 
"artificial hosts". 

Baculovirus recombinant proteins derived from a C-terminal MSP- 1 portion 
(p42). more particularly partially deleted p42s. have a very significant antimalarial 
5 protective effect in a natural system, which constitutes the most representative 
model for evaluating the protective effect of MSP- 1 for man. 

The protective effect obtained can be further improved if the paniallv 
deleted p42 form is deprived of the hypervariable region of the N-terminal portion 
of p42. the effect of which can be deleterious in natural situations in which the 
lo vaccinated subject is confronted by a great deal of polymorphism. 

However, deletion of region II and all or pan of region III normally 
produces the best results. It is clear that the skilled person would have no 
difficulty in producing fusion proteins between regions I and IV of the 
corresponding p42s. or even between a region I and a region IV respectivelv 
15 originating from two p42s from two different varieties of Plasmodium It goes 
wixhout saying that these fusion proteins can also contain binding elements 
corresponding to portions of region II. preferably to region III. preferably selected 
from the best conserved. As an example, the C-terminal polypeptide sequence of 
p33, when it is present, contains less than 50 amino acid residues, or even less than 
20 35. or even less than 10 amino acid residues. 

The polypeptide sequence of the partially deleted p42 protein does not need to 
comprise all of the sequence coding for pl9 (or region IV), naturally providing that the 
latter retains the ability to induce antibodies which protect against the parasite In 
particular, the molecular weight of the '^fragment portion" is 10 to 25 kDa. in particular 
25 10 to 15 kDa. Preferably, this polypeptide fragment portion contains at least one of the 
two EGF (Epidermal Growth Factor) regions. 

Naturally, the same observations apply to region I of the recombinant protein of 
the invention. 

Clearly, the skilled person could distinguish between active fragments and those 
so which ceased to be so, in particular experimentally by producing modified vectors 
containing, for example, inserts comprising portions ofp42, in particular of deleted p42. 
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or different lengths, respectively produced from ihe sequence coding for p-?2. if 
necessary partially deleted, by reaction with appropriate restriction enz>-mes. or by 
exonucleolytic enzymes which would be kept in contact with the fragment coding for 
the initial p42. if necessary partially deleted, for differing periods; the capacity of the 
expression products from these inserts in the corresponding eukaryotic cells, in 
particular in inseci cells, transformed by the corresponding modified vectors, to exert a 
protective effect can then be tested, in particular under the experimental conditions 
which are described below in the examples. In particular, the expression products of 
these inserts musr be able to inhibit a parasitemia induced in vivo by the corresponding 
whole parasite. 

Thus, the invention includes all immunogenic or vaccinating compositions in 
which the essential constituent polypeptide sequence of the active principle is 
constituted by a peptide which can induce a cellular and/or humoral type 
immunological response equivalent to that produced by the partially deleted protein as 
defined above, provided that the addition, deletion or substitution in the sequence of 
certain amino acids by others would not cause a large modification of the capacity of 
the modified peptide - hereinafter termed the ''immunologically equivalent peptide*' - to 
inhibit said parasitemia. 

The partially deleted p42 can naturally also be associated at the N-terminaJ side 
or the C-terminal side or via a peptide bond to a further plasmoida! protein fragment 
having a \-accinating potential (such as Duffy binding protein from P. vivcrr (19) or 
EBA-I75 from P. falciparum (30) and (31). one region of w hich is specifically rich in 
cysteine), provided that its capacity to inhibit parasitemia normally introduced in \iw> 
by the corresponding parasite is not altered but is amplified. 

Upstream of its N-ienminal end. the fragment coding for the partially deleted 
p42 or a portion thereof can also contain a peptide sequence which is different again, 
/or example a C-terrninal fragment of the signal peptide of the MSP- 1 protein. This 
sequence preferably comprises less than 50 amino acids, for example 10 to 35 amino 



acids. 
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These observations penain in similar fashion to the paniaJly deleted p42s from 
other P!asm<xJmm. in particular P. falct/xmtm. the dominant specie* of the parasites, 
responsible for one of the most serious forms of malaria 

However, the techniques summarised above for producing a recombinant p42 
from P. vnrrr or P. c\in>mol& in a baculovirus system are difficult to transpose 
unchanged to producing a recombinant p42 of P. faiciparwn in a satisfactory yield, if 
only to obtain appreciable quantities which will aJJow immunoprotective tests to be 
carried out 

The invention aJso provides a process which overcomes this problem to a large 
extent. It also becomes possible to obtain much higher yields of fa/cy* mim p42 - 
,and other PlasnnxJiums where similar difficulties are encountered - using a synthetic 
nucleotide sequence substituting for the natural nucleotide sequence coding for the p-42 
of Plasmodium falciparum in an expression vector of a baculovirus system, this 
synthetic nucleotide sequence coding for the same p42. but being characterized by a 
higher proportion of G and C nucleotides than in the natural nucleotide sequence. 

It is clear to the skilled person that this result can be obtained by deriving 
benefit both from its ability to synthesise DNAs by nucleotide synthesis and by selecting 
from the possibilities offered by the genetic code to substitute, each time the genetic 
code allows it. synthetic codons having higher amounts of C and'or G than natural 
codons which, in native sequences coding for the corresponding native p42s. code for 
the same amino acid. 

It follows thai the same observations can be extended to p42s from which 
sequences have been partialiy deleted, as defined above 

In other words, the invention follows from the discovery that expression of 
a nucleotide sequence coding for a partially deleted or non partially deleted p42 in a 
baculovirus system is apparently linked to an improved compatibility of successive 
codons in the nucleotide sequence to express using the ' cellular machinery^ of the 
host cells transformable by the baculovirus. in the manner of that observed for the 
natural nucleotide sequences normally contained in these baculovirus and expressed 
in the infected host cells: hence the poor expression, or even total absence of 
expression of a native />. falciparum nucleotide sequence; hence also a possible 
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explanation of the more effective expression observed by Longacre et al for 
the p42 of P. yum in a baculovirus system and. as the inventors have also shown, 
of the I\ cynomolpi sequence from corresponding native p42 nucleotide sequences, 
because of their relatively much higher amounts of G and C nucleotides than those 
5 of the native nucleotide sequences coding for the p42 of P. faletixmim 

The invention thus more generally provides a recombinant baculovirus tvpe 
modified vector containing, under the control of a promoter contained in said 
vector and able to be recognised by cells transferable by said vector, a first 
nucleotide sequence coding for a signal peptide exploitable by a baculovirus system. 
H) characterized by a second nucleoids sequence downstream of the first, also under 
the control of said promoter arid coding for a peptide sequence, but comprising, in 
its own constitutive sequence. 

• either rhat of a peptide fragment coding for p42 or a p42 from which region II 
and. if necessary, all or pan of region III have been deleted. 

15 • or that of a portion of that peptide fragment provided that the expression 
product from the second sequence in a baculovirus system is also capable of 
inhibiting a parasitemia normally induced in Wm by the corresponding parasite: 

• or that of an immunologically equivalent peptide derived from said C-terminaT 
peptide fragment (pi 9) or said peptide fragment portion by addition, deletion or 

20 substitution of amino acids not resulting in a large modification of the capacity 

of said immunologically equivalent peptide to induce a cellular and/or humoral 
type immunological response similar to that produced by said pi 9 peptide fragment 
or said portion of said fragment; and 
said nucleotide sequence having, if necessary, a G and C nucleotide content in the 
!5 range 40% to 60%. preferably at least 50%. of the totality of the nucleotides from 
which ii is constituted. Tiiis sequence can be obtained by constructing a synthetic gene 
in which the natural codons have been changed for codons which are rich in G/C 
without modifying their translation f maintaining the peptide sequence). 

The nucleotide sequence, provided by a synthetic DNA may have at least 
0 10% of its codons modified with respect to the natural cDNA gene sequence while 
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retaining the characteristics of the natural translated sequence, i.e.. maintaining the 

amino acid sequence. 

It is not excluded that this G and C nucleotide content could be further 

increased provided that the modifications resulting therefrom as to the amino acid 
sequence of the recombinant peptide - or immunologically equivalent peptide - 
produced did not result in a 1r«s of immunological properties, or protective 
properties, for the recombinant proteins formed, in particular in the tests which will 
be described beJow. 

These observations naturally apply to other Plasmodium which are 
infectious for man, in particular those where the native nucleotide sequences coding 
for the corresponding p42s. if necessary partially deleted, would have T and A 
nucleotide cnrtents which were poorly compatible with effective expression in a 
baculovirus system. 

The sequence coding for the signal used can be that normally associated 
with the native sequence of the Plasmodium concerned. But it can also originate 
from another Plasm€>dium. for example />. \har or P. cynomolgi or another 
organism if it can be recognised as a signal in a baculovirus system. 

The sequence coding for p42 or a portion thereof in the vector under 
consideration is. if necessary, deprived of the anchoring sequence of the native 
protein to the parasite from which it originates, in which case the expressed protein 
is generally excreted into the culture medium (soluble form). 

The invention also concerns vectors in which the coding sequence contains 
the terminal 3*end sequence coding for the hydrophobic C*-termina) end sequence 
of the pl9 which is normally implicated in the induction of anchoring the native 
protein to the cell membrane of the host in which it is expressed. This S'-terminaJ 
end region can also be heterologous relative to the sequence coding for the 
jematnder of the corresponding p42, for example corresponding to the 3 '-terminal 
sequence from P. \i\xix or from another organism when it codes for a sequence 
which anchors the whole of the recombinant protein produced to the cell membrane 
of the host of the baculovirus system used. An example of such anchoring 
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sequences is rhe GP1 of the CD59 antigen which can be expressed in the cells of 
SpoJopterafntgiperda (32) type insects or the GPI of a CD 14 human protein (33) 
The invention also, naturally, concerns recombinant proteins, these proteins 
comprising conformational epitopes recognised by human serums formed against 
the corresponding Plasma J ium 

In general, the invention also concerns any recombinant protein of the type 
indicated above, provided that ii comprises conformational epitopes such as those 
produced in the baculovirus system, in particular those which are unstable in a 
reducing medium. 

The invention also, naturally, concerns said recombinant proteins, whether 
they are in their soluble form or in the form provided with an anchoring region, in 
particular to cellular hosts used in the baculovirus system. 

The invention also encompasses any product of conjugation between a p42 
or a partially deleted P 42 as defined above, and a carrier molecule - for example a 
15 polylysine-alanine - for use in the production of vaccines, by means of covalent or 
non covalem bonds. Vaccinating compositions using them also form pan of the 
invention. 

The invention still further concerns vaccine compositions using these 
recombinant or conjugated proteins, including proteins from Plasmodium ivmx. 

The invention also encompasses compositions in which the recombinant 
proteins defined above are associated with an adjuvant, for example an alum. 
Recombinant proteins containing the C-terminal end region allowing them to 
anchor to the membrane of the cells in which they are produced are advantageously 
used in combination with lipids which can form liposomes appropriate to the 
25 production of vaccines. Without being limiting, lipids described, for example, in 
the publication entitled "Les liposomes aspects technologique. biologique et 
pharmacologique" [Liposomes: technological, biological and pharmacological 
aspects) by J. Delatrre et aJ.. INSERM, 1993, can be used. 

The presence of the anchoring region in the recombinant protein, whether it 
is a homologous or heterologous anchoring region as regards the vaccinating 
portion proper, encourages the production of cytophilic antibodies, in particular 
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IgGaa and iuG 2 b i>*pe in liie mcuse. which could have a particularly hi*ih protective 
activity, so that associating the active principles of the vaccines si* constituted with 
adjuvants other than the lipids used to constitute the liposome forms could be 
dispensed with. This amounts to a major advantage, since liposomes can be 
lyophilised under conditions which enable them to be stored and transported, 
without the need for chains of cold storage means. 

Other characteristics of the invention will become clear from the following 
description of examples of recombinant proteins using the recombinant proteins the 
active sequences of which either contain those of the p42. or are limited to those of 
the corresponding pI9 proteins. While the subject matter of these examples is not 
strictly linked to the claims which follow, the examples nevertheless contribute to 
establishing the operational character of the invention of the present application 
Description or Ihe PfMSPl pW S (soluble) construction (soluble p!9 from P 

falciparum ) 

The recombinant construction PfMSPl p ioS contains the OS A 
corresponding to 8 base pairs of the leader sequence and the first 32 amino acids of 
the MSP- 1 of Plasmodium v/ivxr from Met, to Asp« (Belem isolate. Del PortilJo el 
ah, 1991, P. N. A. S.. 88. 4030) followed by GluPhe due to the EcoRl site 
connecting the two fragments. This is followed by the synthetic gene described in 
Figure 1, coding the Plasmodium falciparum MSPl pl9 from Asn l6l , to Ser 17ft i 
(Uganda-Palo AJto isolate: Chang et al., 1988. Exp. Parasitol.. 67. 1). The 
construction is terminated by two TAA stop codons. This construction gave rise to a 
recombinant protein which was secreted in the culture supernatant from infected cells. 

In the same manner and for comparison, a recombinant construction was 
produced under conditions which were similar to those used to produce the pi 9 above, 
but working with a coding sequence consisting of a direct copy of the corresponding 
PNA of the P. falciparum strain (TUP) described by Chang et al., Exp. Parasit. 67,1; 
1989. The natural gene copy (from asparagine 1613 to serine 1 705 ) was formed from 
the native gene by PCR. 

Figure 1A shows the sequences of both the synthetic gene fBac!9) and the 
**haTrvegene~(PF19). 
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- It can be seen that 57 codons of the 93 codons of the native sequence coding 
for the p]9 from P. falciparum were modified (the third nucleotide in 55 of them and 
the first and third nucleotides in the other 2 codons). New codons were added to the 5" 
end to introduce the peptide signal under the conditions indicated above and to 
introduce an EcoRJ site for cloning and similarly two stop codons were added which 
were not present in the />. falciparum pi 9 to obtain expression termination signals. 
The individual leners placed above successive codons correspond to the respective 
successive amino acids. Asterisks (*) show the stop codons. Vertical lines indicate the 
nucleotides which are rhe same in the two sequences 

Description of the PfMSPlp^A construction (anchored GPI) (anchored pl9 of 

P. falciparum} 

The PfMSPl p | 9 A construction had the characteristics of thai above except 
that the synthetic sequence (Figure IB) codes for the MSPl p ,o of Plasnutfium 
falciparum (Uganda-PalO/Ako isolate) from Asn, 61? to I]e I72 A followed by two TAA 
15 stop codons. This construction gave rise to a recombinant protein which was anchored 
in the plasma membrane of infected cells by a glycosyl phosphatidyl inositol (GPI) type 
structure. 

Figure 1C represents the PfMSPl pl9 S recombinant protein sequence before 
cutting out the signal sequence. 

Figure ID represents the PfMSPl pl9 S recombinant protein sequence after 
cutting out the signal sequence. 

The amino acids underlined in Figures 1C and ID originate from the EcoRl 
site used to join the nucleotide sequences derived from the N-terminal portion of 
the MSP- 1 of P. vivax (with signal sequence) and the MSP-] pl9 of P. falciparum. 

Figure 2 - The soluble recombinant P£MSPl pl9 amige- purified by 
immunoaffiniry was analysed by immunoblot using SDS-PAGE in the presence 
(reduced) or absence (non reduced) of B-mercaptoethanol. Samples were charged 
onto gel after hearing to 95°C in the presence of 2% SDS. Under these conditions 
only covaJent type bonds (disuJphide bridges) can resist disaggregation. The left 
hand blot was revealed with a monoclonal antibody which reacted with a linear 
epitope of natural pi 9. The right hand blot was revealed with a mixrure of 13 
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human amisera originating from subjecxs with acquired immunity to malaria due to 
Plasmodium falciparum. These results show thai the recombinant baculovirus 
molecule can reproduce conformational epitopes in the form of a polymer the 
majority of which are recognised by human antiserum. 

Figure 3 - The soluble PvMSPlp^ recombinant antigen (Longa* e ei al._ 
1994. op. Cit.) was incubated for 5 hours aT 37°C in the presence of protein 
fractions derived from merozoites of p m falciparum and separated by 
isolectrofocussing. The samples were then analysed by immunoblot in the presence 
(reduced) or absence (non reduced) of B-mercaptoethanol. lsolectrofocussinu 
fractions 5 to 12. and two total merozoite extracts made in the presence (Tex) or 
absence (T) of detergent, were analysed. The immunoblot was revealed with 
monoclonal antibodies specific for MSPI Hr and pI * of /> vivax The results 
suggest that there is a proteolytic activity in the P. fa/ci/xrmrj, merozoites which 
can be extracted with detergent. Digestion of p42 in certain fractions appears to 
cause polymerisation of the digestion products (pi 9); this polymerisation is 
probably linked to the formation of disulphide bridges since in the presence of B- 
mercaptoethanoL the high molecular weight forms disappear in favour of a 
molecule of about 19 kDa (Tex-R). The pi 9 polymerisation observed in these 
experiments could thus be an intrinsic property of this molecule in vivo. 

Description of the PcMSPl pl ,S (soluble) construction (soluble p!9 or P. 

cynomolgi) 

The DNA used for the above construction was obtained from a clone of the 
Plasmodium cyytamolgi cey/onesis strain (22-23). This strain had been maintained by 
successive passages through its natural host (Macaca xtotica) and cyclic transmissions 
via mosquitoes (27). 

Blood parasites in the mature schizont stage were obtained from infected 
jnonkeys when the parasitemia had attained a level of 5%. They were then purified 
using the methods described in (25). The DNA was then extracted as described in 
(26). 

A 1200 base pair fragment was produced using a PCR reaction using the 
oligonucleotides underlined in Figure 4 originating from P. \>i\xzx. The 5* 
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olieonucleotide comprised an EcoRI restriction site and the 3" oligonucleotide 
comprised two synthetic TAA stop codons followed by a Bslll restriction site. This 
frairment was introduced by ligation and via these EcoRI and Bglll sites into the 
p\"LS\*3-i pJasmid already containing the signal sequence for the MSP-1 protein of/*. 
\tvax ( 1 9) The new plasmid (p\TS V^iC,:) was used to ana]yse the DN A sequences 

The P cynoniolgi sequences and the corresponding P.vhrvr sequences were 
aJi^ned. The black arrows designate the presumed primary- and secondary cleavage 
sites They were determined by analogy with known sites in P. falcifxmtm (27. 28). 
The vertical lines and horizontal arrows localise the limits of the four regions which 
were studied Region 4 corresponded 10 the sequence coding for the cvwmo/w 
pi 9 Glycosylation sites are boxed and the conserved cysteines are underlined The 
lower portion of Figure 4 shows the percentage identity between the two isolates of/'. 
vi\*ee and P. cynomolgi. 

The recombinant construction PcMSPl p ,oS contains the DNA 
corresponding to 8 base pairs of the leader sequence and the first 32 amino acids of 
the MSP-1 of Plasmodium \irax from Met) to Asp?? fBelem isolate: Del Ponillo et 
al., 199 k P. N. A. S.. 88, 4030) followed by GluPhe, due to the EcoRI site, 
connecting the two fragments This is followed by the sequence coding for the 
Plasmodium cynomoigi MSPI P w from Lys-76 to Ser ?K o (Ceylon strain). The 
construction was terminated by two TAA stop codons This construction gave rise to 
a recombinant protein which was secreted in the culture supernatant of infected cells. 

Purification of recombinant PfMSPlpl9 protein by imrnunoaffiniry 
chromatography with a monoclonal antibody specifically recognising the pl9 

of Plasmodium falciparum 

The chromatographic resin was prepared by binding 70 mg of a monoclonal 
antibody (obtained from a G17.12 hybridoma deposited at the CNCM [National 
Collection of Microorganism Cultures] (Paris. France) on the 14 th February 1997. 
registration number 1-1846; this G17.12 hybridoma was constructed from X63 Ag8 
653 myeloma producing lgG 2a/k recognising the P. falciparum pi 9) to 3g of 
activated CNBr-Sepharose 4B (Pharmacia) using standard methods detailed in the 
procedure employed by Pharmacia. The culture supernatants containing the soluble 
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PfMSPlpl9 were batch incubated with the chromatographic resin for 16 hours at 4*C 
The column was washed once with 20 volumes of 0.05% NP40. 0.5 M of NaCI. PBS; 
once with 5 volumes of PBS and once with 2 volumes of 10 rnM sodium 
phosphate- pH 6.8. Elution was carried out with 30 ml of 0.2 M glycine. pH 2.2 
The eluate was neutralised with 1 M sodium phosphate. pH 7.7 then concentrated 
by ultrafiltration and dialysed against PBS. To purify the anchored PfMSPlpI9. 
all of the washing and elution solutions contained a supplement of 0.1% of 3- 
(dimethyl-dodecylarnmonio)-propane sulphonate (Fluka). 
Recombinant Plasmodium vivax (p42 and pl9) MSP1 vaccination lest in the 

s q u i rrel m o n key Suimiri sciurcus 
This vaccination test was carried out on male non spleneciomised 2 to 3 
year old Saimiri sciureits hulMensis monkeys. Three monkeys were injected 3 
times intramuscularly at 3 week intervals with a mixture of about 50 to 100 ut» 
each of recombinant soluble PvMSPl H2 and p i 9 (I9) ? purified by immunoaffinity. 
15 Complete and incomplete Freund adjuvant was used as follows: l w injection: 1:1 
FCA/F1A; 2 nd injection: 1:4 FCA/FIA; 3 1- injection: FlA. These adjuvant 
compositions were then mixed 1:1 with the antigen in PBS. Five control monkeys 
received the glutathione- S-transferase (GST) antigen produced in E. cof, "using the 
same protocol. The challenge infection was carried out by injecting 2x 10* red 
20 blood cells infected with an adapted Plasmodium Wnor strain (Belem) 2.5 weeks 
afler the final injection. The protection was evaluated by determining parasitemia 
daily in all animals by examining smears stained with Giemsa. 

The curves in Figure 5 show the variation in the measured parasitemia as 
the number of parasited red blood cells per microlitre of blood (up the ordinate, 
logarithmic scale) as a function of the time passed after infection (in days). Curve 
A corresponds to the average values observed in the three vaccinated monkeys, 
£urve B corresponds to the average values in the five control monkeys. 

An examination of the Figure shows that the efFect of the vaccination was 
to greatly reduce the parasitemia. 

Recombinant Plasmodium cynomolgi (p42 and p!9) MSPl vaccination test in 

the toque macaque Macaca sinica 
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Fifteen captured monkeys were used as follows (1)3 animals injected with 
100 us of soluble PcMSPlpj;: 3 animals injected with 35 ug (\** injection) or 
50 ug (2 nJ and 3 rd injections) of soluble PcMSPlp^: (3) 3 animals injected with a 
mixture of PcMSPIpj; and p w; (4) 3 animals injected with adjuvant plus PBS. (5)3 
5 animals not injected Complete and incomplete Freund adjuvant was used in the 
protocol described above Injections were intramuscular at 4 week intervals The 
challenge infection was made by injecting 2 s I0 ! red blood cells infected with 
Plasmodium cyttomolgi 4 weeks after the last injection. Protection was evaluated 
by determining parasitemia daily in all animals by examining the parasitemia with 
]t> Giemsa. Parasitemia were classified as negative only after counting 400 smear 
fields The parasitemia were expressed as a percentage of parasitised red blood 
cells. 

Figures 6A - 6G show the results obtained. Each of them shows 
parasitemia (expressed as the percentage of parasitised red blood cells up the 
15 ordinate on a logarithmic scale) observed in the challenge animals as a function of 
the time after infection (in days along the abscissa). 
The results relate to: 

• in Figure 6 A; non vaccinated control animals: 

• Figure 6B relates to animals which received a saline solution also containing 
20 Freund adjuvant: 

• Figure 6C is a superposition of figures 6A and 6B. with the aim of highlighting 
the relative results resulting from administration of Freund adjuvant to the 
animals (the variations are clearly not significant): 

• Figure 6D provides the results obtained at the end of vaccination with p42: 
25 • Figure 6E concerns animals vaccinated with pl9 alone: 

• finally. Figure 6F concerns animals vaccinated with a mixture of pi 9 and p42. 

The p42 certainly induced a certain level of protection. However, as shown 
in Figures 6E and 6F. the protection conferred by the recombinant pi 9 of the 
invention was considerably better. 
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The hypothesis can be formulated that the improved protection results from 
secondary 1 cleavage of p42 which is accompanied by revealing free cysteine which, 
as a result, forms imermolecular bridges giving rise to pi 9 multimers which are 
highly characteristic of this form in recombinant proteins of the three species tested 
The numbers used to produce uraphs (6A-6F) are given in Figure 6G 
/* cynomolgi toque macaque vaccination test: second challenge infection of 
nionkeys vaccinated with pl9 alone and controls (Figures 8) 
Six months later, with no other vaccination, the 3 macaques which received 
the pi 9 MSP-1 alone with FCA/FIA (Figure 6E) and the 3 macaques which 
Ji> received a saline solution containing Freund adjuvant (Figure 6B) and 2 new naive 
unvaccinated monkeys underwent a new challenge infection by injecting 1 x IO ft 
red blood cells infected with Plasmodium c\*nomalpi. Protection was evaluated by 
determining parasitemia daily in all animals by examining Giemsa smears. The 
parasitemia were classified negative only after counting 400 smear fields The 
15 parasitemia were expressed as the percentage of parasitised red blood cells (the 
figures used to produce graphs 8A-C are given in Figure 8D). The six immunised 
animals which underwent challenge infection six months earlier had no detectable 
parasitemia except for 1 animal in each group which exhibited a parasitemia of 
0.008% for 1 day (Figures 8A and 8B). The two naive controls exhibited a 
20 conventional parasitemia with a maximum of 0.8% and for 21 days (Figure 8C). 
Thus the 3 animals vaccinated with the MSP-1 pi 9 were also protected six months 
later than the 3 controls which exhibited a complete conventional infection after the 
first challenge infection, despite the absence of or a very slight parasitemia after the 
first w iallenge infection. These results suggest that the protection period for pi 9 is 
25 at least six months. 

Vaccination test with pl9 in association with alum in the /> cynomolgi toque 
, macaque system (Figures 9) 

The previous positive protection results were obtained using complete 
(FCA) or incomplete (FlA) Freund adjuvant. However, v" e only adjuvant which is 
30 currently allowed in man is alum. For this reason, we carried out a vaccination test 
with P. cyitomolgi MSP-1 p!9 in the toque macaque in the presence of alum as the 
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adjuvant Six captured macaques were used as follows (h J animals injected with 
4 doses of 50 ma of recombinant P. cynvmolgi MSP-1 p!9 with 20 mg of alum. (2) 
3 animals injected 4 times with physiologic*! water and lOmg of alum The 
injections were intramuscular at 4 week intervals. The challenge infection was 
made by injecting 2 x 10 ? red blood cells infected with /\ cynnmolt>t 4 weeks after 
the last injection Protection was evaluated by daily determination of parasitemia 
in all animals by examining Giemsa smears. The parasitemia were classified 
negative only after counting 400 smea*- fields. Parasitemia were expressed as the 
percentage of parasitised red blood cells The results of this experiment were as 
follows 2 of the 3 macaques immunised with recombinant pi 9 with alum had 
about 30 times less total parasitemia during the infection period (Figures 9A and 
9B) than the 3 control macaques immunised with physiological water and alum 
(Figure 9D) after the challenge infection The third macaque immunised with p!9 
(Figure 9C) was not very different from the controls For the vaccination test 
using Plasmodium cynonurigi pl9 in the toque macaque, macaca smtcci. described 
in Figure 9„ the data used to produce the graphs (9A-9D) are given in (Figure 9E) 
While the results are a little less spectacular than the preceding results (Figures 6. 
8). this is the first time that significant protection has been observed for 
recombinant MSP-1 with alum. 

Figure 10: Vaccination test with a recombinant Plasmodium falciparum pl9 

in the squirrel monkey 
Twenty Saimiri sciureits giryanensis (squirrel monkeys) of about 3 years 
old raised in captivity were used as follows: (1)4 animals injected with 50 mg of 
soluble Pf MSP-1 pi 9 in the presence of Freund adjuvant as follows: 1" injection. 
1:1 FCA/F1A: 2 nd injection: I 4 FCA/FIA; 3 r " injection. FIA. These adjuvant 
compositions were then mixed with 1:1 antigen in PBS; (2) 2 control animals 
>«ceived Freund adjuvant as described for f I ) with only PBS; (3) 4 animals injected 
with 50 mg of soluble Pf MSP-1 pi 9 in the presence of 10 mg of alum (Aiu-Gel- 
S. Serva); (4) 2 control animals received lOmg of alum with only PBS; (5) 4 
animals injected with about 50-100 mg of GPI anchored Pf MSP-1 pi 9 
reconstituted into liposomes as follows: 300 mmoles of cholesterol and 300 
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mmoles of phosphatidyl choline were v acuum dried and resuspended in 530 m\1 of 
N-octyiglucoside in PBS whh I -4 mu of Pf MSP- 1 pi 9. GPI This solution had 
been dialysed against PBS with adsorbent Bio-Beads SM-2 (Bio-Rad) and the 
liposomes formed were concentrated by centrifusdna and resuspended in PBS The 
\ < injection was made with fresh liposomes kepi at 4 C C and the 2 nJ and 
injections were made with liposomes which had been frozen for preservation. <6> 2 
animals injected with control liposomes made in the same way. in the absence of 
the pi 9. GPI antigen as described for (5h(7)2 animals injected with physiological 
water. Three intramuscular injections were made at 4 week intervals The 
challenge infection was made by injectim? I x 10° red blood cells infected with 
PiusimxJntm fafcitxxnim Protection was evaluated by determining parasitemia daily 
in all animals by examining the Giemsa smears Parasitemia were expressed as the 
percentage of parasitised red blood cells The results of this vaccination test are 
shown in Figures 10. A-G. 
15 The groups immunised with p 19 in Freund adjuvant or liposome 

demonstrated similar parasitemia to the control groups after a challenge infection 
(one animal (number 29) vaccinated with pi 9 in Freund adjuvant died several davs 
after chailnge infection for reasons independent of vaccination (cardiac arrest)). 
Irregularities in administration of the antigen in these 2 groups (poor Freund 
20 emulsion, congealed liposomes) did noi allow the significance of these results to be 
completely evaluated. In the alum group. 2 animals showed total parasitemia for 
the duration of the infection about 4 times less than the controls. 1 animal about 3 
times less and 1 animal was similar to the controls. This experiment was a little 
difficult to interpret due to the variability in the controls, probably due to the strain 
25 of parasite used for the challenge infection which would not have been quite 
adapted to the non splenectomised Saimiri model developed only recently in 
Cayenne. However, the real effect with alum, although imperfect, is encouraging 
in that our antigens seem to be the onJy recombinant P. falciparum MSP-1 versions 
which currently have shown a certain effectiveness in combination with alum, 
to Vaccination test with a recombinant Plasmodium falciparum p!9 in the 

squirrel monkey (same test as for Figures 10) 
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Monkeys bred in captivity were injected intramuscularly wirh 1 ml of 
inoculum twice at 4 week intervals as follows (1)4 animals injected with 50 ug of 
soluble PfMSPlpl9 in the presence of Freund adjuvant as follows 1* injection 1 1 
FCATI A. 2 nJ injection 1 4 FCATI A. and mixed then I 1 with the antigen in PBS. 
5 (2) 4 animals injected with 50 ug of soluble PfN1SPpl9 in the presence of 10 nig of 
alum. (3) 4 animals injected with about 50 ug of GPl anchored PfNISPlpl^ 
reconstituted into liposomes composed of 1 1 molar cholesterol and phosphatidyl 
choline The animals were bled 17 days after the second injection 

Red cells from a squirrel monkey with 30° o parasitemia due to 

M> falciparum (with the mature forms in the majority) were washed with PBS and ihe 
residue was diluted S times in the presence of 2° o SDS and 2°© dithiothreitol and 
heaied to 95 s before being charged onto a polyacrylamide gel of 7 5?o (separation 
gel) and 4 < ?<o (stacking gel). After transfer to nitrocellulose, immunoblot analysis 
was carried out with ant i sera as follows. (1) pool of amisera of 4 monkeys 

15 vaccinated with soluble PfN1SPlpl9 in Freund adjuvant, twentieth dilution. (2) 
pool of amisera of 4 monkeys vaccinated with soluble PfMSPlpl9 in alum 
adjuvant, twentieth dilution; (3) pool of amisera of 4 monkeys vaccinated with 
anchored PtfMSPlpl9 in liposomes, twentieth dilution: (4) monoclonal antibody, 
which reacts with a linear epitope of PfMSPlpl9. 50 mg'mL (5) SH190 amisera 

2o pool originating from about twenty monkeys repeatedly infected with /\ fatcifxtrnm 
and which had become unaffectable by any subsequent infection with P^fa/ci/xrrttm^ 
five hundredth dilution: (6) antiserum pool of naive monkeys {never exposed to P. 
falciparum)* twentieth dilution. 

The results show that the 3 antiserum pools of monkeys vaccinated with 

25 PfMSPlpl9 reacted strongly and specifically with very* high molecular weight 
complexes (diffuse in the stacking gel) and present in parasite extracts containing 
jnore mature forms. These results support the hypothesis that a specific aggregate 
of P£MSPlpI9 is present in Wvo comprising epitopes which are reproduced in 
recombinant PfMSPlpl9 molecules symhesised in the baculovirus system, in 

30 particular oligomers c forms thereof. 



11. JUL. 2001 15=25 



PRTENT EXPRESS 




Diagnostics 

The recombinant molecules PvMSPIp42 and PvMSPlpI 0 - of the invention, 
derived from baculovirus. can and have been used to produce specific murine 
monoclonal antibodies These antibodies, in combination with polyclonal anti-p42 
5 antiswra originating from another species such as the rabbit or goat can form the 
basis of a semi-nuaniitative diagnostic test for malaria which can distinguish 
between malaria due to /*. falctfM.tntm m which can be faral. and malaria due to /* 
rmw. which is generally not fatal The principle of thus test is to trap and quantify 
any MSP-1 molecule containing the p42 portion in the blood 
lu In this context, the advantages of the recombinant 42s. in particular panially 

deleted recombirant p42s. are as follows 

(i) they are both extremely well conserved in the same species and sufficiently 
divergent between different species to enable specific species reactants to be 
produced, under conditions in which antibodies derived from different 

15 Plasmudiums^ in particular against I*, falciparum and P. v/m.v can be produced 

which do not give rise to cross reactions. 

(ii) since the recombinant pA2 molecules derived from baculovirus appear to 
reproduce more of the native structure of the corresponding native proteins, ihe 
antibodies produced against these proteins will be well adapted to diagnostic 

2o use. 

The microorganisms identified below have been deposited under Rule 6 J 
of the Treaty of Budapest of 1" February 1996 . under the following registration 
numbers* 

Identification reference Registration numbers 

PvMSP 1 p 1 9 A I- 1 659 

PvMSPlpl9S 1-1660 

PfMSPIpl9A 1-1661 

PfMSPlpl9S 1-1662 

PcMSPlpl9S 1-1663 



11. JUL. 2001 15:25 PftTENT EXPRESS 



24 



Figure 7 also illustrated these results lr shows irnmunoblots produced on 
gel The first three gel tracks illustrate the m response of monkeys to 

injections of pl9 [(I) with Freund adjuvant. (2) with alum. (3) in the form of a 
liposome] and in particular the existence of high molecular weight complexes 
5 supporting the hypothesis of m vi\-n aggregation of pI9 in the form of an oligomer, 
specific to the maturation stage luhen p42 is cut into pi 9 and p33) 

This vaccination test also comprised a third injection idemical to the 
previous injections The injection with Freund adjuvant contained only F.I A 

lo Figure 7B The data for this Figure were derived from the squirrel monke\ 

I\ fuki/Kimm / vaccination test (Figure 10 below). The numbers correspond to the 
individual monkeys noted in Figure 10 The techniques and methods for this 
Figure were the same as fo* Figure 7 except that the individual antiserum for each 
monkey was tested after three injections the day of the proof injection and the SHI 

15 antiserum was diluted by 1.250 The results show that the antiserum for 4 
monkeys vaccinated with pl9 and alum reacted strongly and specifically with very 
high molecular weight complexes while the monkeys of other groups vaccinated 
with p!9 and Freund adjuvant or liposomes showed only a little reactivity with 
these complexes. Since the monkeys vaccinated with pi 9 and alum were also the 
20 best protected, this reactivity with the high molecular weight complexes appeared 
to indicate a protective effect, despite one monkey in the group not being 
protected with respect to the controls and that another was only partially 
protected. 

The invention also, of course, concerns other applications, for example 
25 those described below with respect to certain of the examples, although these are 
net limiting in character. 

Therapy 

The recombinant molecules of the invention can be used to produce specific 
antibodies which can possibly be used by passive transfer for a therapy for severe 
30 malaria due to P. falciparum when there is a risk of death. 
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The invenTion also concerns ihe use of these antibodies, preferably fixed ro 
a solid support (Tor example for affinity chromatography) for the purification of 
type pi 9 peptides initially contained in a mixture 

Purification means bringing this mixture into contact with an antibody. 
5 dissociating the ami sen-antibody complex and recovering the purified pi 9 type 
peptide. 

When the following claims state that the less conserved portion or portions 
of region III is/are deleted from the p42, they are preferably regions containing at 
least 10 amino acids and in which the degree of conservation in Wiwv. 
lu cynomolgi 2»nd P. falciparum is less than 70°/o (less than seven out of ten amino 
acids identical when they are aligned). 

The polyclonal and monoclonal antibodies of the present invention 
presented as recognising p42s are preferably those which more specifically 
recognise regions other than region IV, with the exclusion of region IV itself. 
15 Preferably, they recognise region I of p42. 

The invention also concerns hybridomas secreting specific antibodies 
selectively recognising the p42 of a MSP-1 protein in the merozoite form of a 
Plasmodium type parasite which is infectious for man other than Plasmodium 
vivar and which does not recognise Plasmodium vivax. 
20 In particular, these hybridomas secrete monoclonal antibodies which do not 

recognise Plasmodium vivar p42 or which specifically recognise Plasmodium 
falciparum p42. 

The invention also concerns a hybridema characterized in that it produces a 
monoclonal antibody which specifically recognises the p42 of P. vhtzr and of P. 
25 cyinjmoigi. A F10-3 hybridoma has been constructed from the X63 Ag8 653 myeloma 
producing IgG 2b/k recognising the p42 glycoprotein of/*, v/iux. 

The invention also concerns vaccine compositions, a'i*o comprising 
mixtures of proteins or fragments, in particular mixtures of the type: 
• P. falciparum p42 and P. vivax p42; 
30 • /> falciparum p42 and P. falciparum p 1 9; 
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• P. vivax p42 and A\ rnm pi 9; 

• P. falciparum p42. P. falciparum pi 9. and />. i*n«r p!9 and /> i-nw p42. 

In all of the above compositions, the p42 is if necessary deprived of its 
most hypervariable regions. 
5 As an example, the region which corresponds to that of the pi 9 fragment 

normally included in the p42 is itself partially deleted, this region comprising at 
least one of the two EGF regions normally contained in this pi 9. 

It may also be deprived of region II „ or even of the N -terminal region of 
region III or all of region III. 
10 The invention is not limited to the production of human vaccine. It is also 

applicable to the production of veterinary vaccine compositions using the 
corresponding proteins or antigens derived from parasites which are infectious for 
mammals and products under the same conditions. It is known that infections of 
the same type, babesiosis, also appear in cattle, dogs and horses. One of the 
15 antigens of the Babesia species has a high conformational homology (in particular 
in the two EFG-like and cysteine-rich domains) and functional homology with a 
protein portion of MSP- 1 [(36), (37) and (38)]. 

Examples of veterinary vaccines using a soluble antigen against such 
parasites have been describ*»»J (39). 
20 It goes without saying that the p42s used in these mixtures can also be 

modified as described in the foregoing when considered in isolation. 
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CLAIMS 

1. A recombinant protein in which the essential constituem polypeptide 
sequence is: 

• either that of a 42 kilodalton (p42) fragment of the surface protein 1 of 
s the merozoite form (MSP-1 protein) of a Plasminiium type parasite 

which is infectious for man. from which region II and. if necessary, one 
or more pans of region III. in particular the less well conserved pans, 
have been deleted; 

• or that of a ponion of that fragment which is also capable of inhibiting a 
lo parasitemia normally induced ;// vh'o by the corresponding parasite: 

• or that of a peptide which is capable of inducing a cellular and/or 
humoral immunological response equivalent to that produced by said 
p42 fragment or said ponion of that fragment; and 

said recombinant protein possibly comprising conformational epitopes 
15 which are unstable in a reducing medium and which constitute the majority 

of the epitopes recognised by human antiserums formed against the 
corresponding Plasmodium. 

2. A recombinant protein according to claim 1, characterized in that its region 
which corresponds to that of the pi 9 fragment normally included in the p42 

20 is itself partially deleted, this region including at least one of the two EGF 

regions normally contained in this pi 9. 

3. A recombinant protein according to claim 2, characterized in that the 
molecular weight of said ponion of p!9 fragment is in the range 10 to 
25 kDa, in particular in the range 10 to 15 k£>a. 

25 4. A recombinant protein according to claim I. characterized in that it contains 
boih the essential ponions of the polypeptide sequence of region I and of 
„ region IV of the p42 and in that it is deprived of region II. 

5. A recombinant protein according to claim 4. characterized in that the 
polypeptide sequence is that of the p42 from which region II has been 
•to deleted. 
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6. A recombinani protein according to claim 5. from which the N-terminal 
region of region III or all of region III has also been deleted 

7. A recombinant protein according to any one of claims 1 to 6. characterized 
in that it also comprises a glycosylphosphatidylinosito] (GPU group of the 

5 type enabling the pi 9 fragment the sequence of which is normally included in 

that of the p42 to anchor to the host celU in particular a eukaryote cell, 
preferably a cell of an insect infectable by a baculovirus, in which said 
recombinant protein is expressed. 

8. A recombinant protein according to any one of claims 1 to 7. characterized 
in in that it is deprived of the extremely hydrophobic C-terminal portion which 

intervenes in induction of anchoring of said recombinani protein to the cell 
membrane of the host in which it is expressed, in particular in a eukaryo** 
cell, preferably a cell of an insect infectable by a baculovirus. 

9. A recombinant protein according to claim 8. characterized in that it is 
15 hydrosoluble. 

10. A recombinant protein according to any one of claims 1 to 9. characterized 
in that it contains said partially deleted p42 sequence of the MSP-1 protein 
of Plasmodium falciparum or said portion of the corresponding fragment. 

11. A recombinant protein according to any one of claims 1 to 9. characterized 
20 in that it contains said partially deleted p42 sequence of the MSP-1 protein 

of Plasmodium cynomolgi or said portion of the corresponding fragment. 

12. A recombinant protein according to any one of claims \ to 9. characterized 
in that it contains said partially deleted p42 sequence of the MSP-1 protein 
of Plasmodium vhxzr or said portion of the corresponding fragment. 

25 13. A recombinant protein according to any one of claims 1 to 12. characterized 
in that it is conjugated to a carrier molecule for use in the production of 
vaccines. 

14. A vaccination composition against a Plasmodium type parasite which is 
infectious for man, containing as an acti se principle a recombinant protein 
30 according to any one of claims 1 to 13. 
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An antibody specifically recognising the p42 of a MSP-1 proiein of the 
merozoite form of a Plasmodium type parasite which is infectious fur man 
other than Plasmodium v/V<enr and which does not recognise Plasmodium 
VI vox 

A specific antibody according to claim 15. characterized in that it does not 
recognise Plasmtniium \v\rrr. 

A specific antibody according to claim 15. characterized in that it 
specifically recognises the p42 of P. falciparum. 

A specific antibody according to claim 15. characterized in that it 
specifically recognises the p42 of vnxix. 

A differential diagnostic process to distinguish between a parasitic infection 
due to P. vnwr and a parasitic infection due to another Plasmodium. 
characterized by bringing a biological sample infected with Plasmodium 
into contact with an antibody according to claim 18 and with an antibody 
according to claim 16 or claim 17, and detecting the production or no 
production of an immunological react ion depending on the case 
A recombinant baculovirus type modified vector containing, under the 
control of a promoter contained in the vector and able to be recognised by 
cells transferable by said vector, a first nucleotide sequence coding for a 
signal peptide which can be used in a baculovirus system, characterized by 
a second sequence downstream of the first, also under the control of said 
promoter, of which at least a portion codes for a peptide sequence: 
• either that of a 42 kilodalton (p42) C-terminal fragment of the surface 
protein 1 of the merozoite form (MSP-1 protein) of a Plasmodium type 
parasite which is infectious for man. from which, if necessary, the region 
H and. if necessary also, one or more parts of region III have been 
deleted, in particular the less well conserved portions thereof; 
o or that of a portion of that peptide fragment provided that the 
expression product from the second sequence in a baculovirus system is 
also capable of inhibiting a parasitemia noimally induced in v/\r> by the 
corresponding parasite; 
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• or That of a peptide which is capable of inducing a cellular and/or 
humoral immunological response equivalent to that produced by said 
peptide fragment p42 or said peptide fragment portion; and 

said nucleotide sequence aiso having a G and C content in the range 40° o to 
5 60*?'o, preferably at least 50%. of the totality of nucleotides from which it is 

constituted. 

21. A modified vector according to claim 20. characterized in that the said second 
polypeptide sequence is in accordance with that defined in any one of claims - 
to 9. 

K, 22. A modified vector according to claim 20, characterized in that the second 
nucleotide sequence is a synthetic sequence 
23. A modified vector according to any one of claims 20 to 22. characterized in 
that the first nucleotide sequence codes for a signal peptide from Plasm€*Jh$m 
ivi rtc and normally associated with the Plasmcxihm MSP-1 protein. 

15 24. A modified vector according to any one of claims 20 to 23. characterized in 
that the second nucleotide sequence is deprived at its 3* terminal end of the 
hydrophobic C-terminal end sequence which is implicated in induction of 
anchoring said recombinant protein to the cell membrane of the host in 
which it is expressed, in particular in a cell of an insect infectable by a 

20 baculovirus. 

25. A modified vector according to any one of claims 20 to 24, characterized in 
that it consists of a modified baculovirus. 

26. An organism, in particular an Sf9 type insect celK iransfectable and 
transfected by the modified vector according to any one of claims 20 to 24. 

25 27. A synthetic DNA containing a first nucleotide sequence for which at least a 
portion codes for a peptide sequence: 

• either of a 42 kilodalton (p42) C-terminal fragment of the surface 
protein 1 of the merozoite form (MSP-1 proiein) of Plasmodium 
falciparum^ which is infectious for man. from which, if necessary, region 

30 II and, also if necessary, one or more parts of region III, in particular the 

less well conserved parts thereof, have been deleted; 
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• or of a portion of that pepiide fragment provided ihat ihe expression 
product of said DNA in a baculovirus system is also capable of inhibiting 
a parasitemia normally induced m vivo by the corresponding parasite. 

• or of a pepiide capable of inducing a cellular and/or humoral type 
5 immunological response equivalent to that produced by said p-42 peptide 

fragment or said portion of that fragment: and 
said nucleotide sequence also having a G and C nucleotide content in the range 
40% to 60%. preferably at least 50%. of the totality of nucleotides from which 
said synthetic DNA is constituted, 
in 2S. A synthetic DNA sequence according to claim 27. characterized in that its first 
nucleotide sequence is deprived at its 3" terminal end of the sequence coding 
for the hydrophobic C-temunal end region normally implicated in inducing 
anchoring of the pi 9 protein the sequence of which is included in that of the 
p42. to the cell membrane of ihe host in which it is expressed, in particular in a 
1 5 cell of an insect infectable by a baculovirus. 

29. A synthetic DNA sequence according to claim 27 or claim 28. characterized in 
that the first nucleotide sequence is preceded by a signal nucleotide sequence 
coding for a signal peptide normally associated with a Plasmodium MSP-1 
protein, homologous or heterologous relative to the principal sequence. 
20 30. A synthetic DNA sequence according to claim 29, characterized in that th*» 
signal sequence originates from P. vivax. 
3 1. A synthetic DNA according to any one of claims 27 to 30, characterized in that 
said first nucleotide sequence includes a 3 '-terminal sequence coding for a 
polypeptide cell membrane anchoring region, szid anchoring region fixing the 
25 expressed recombinant protein to the surface of the membrane of the host cell 

transformed with a vector containing said synthetic DNA. said 3* sequence 
^ being homologous to that of the principal nucleotide sequence, or 

heterologous, in particular that from P. vhxxr t 
32. A synthetic DNA according to claim 31, characterized in that the 3*~ 



>o terminal sequence originates from P, vnvzr. 
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33 A s>nthetjc DNA sequence according 10 any one of claims 27 to 31. 
characterized in that it is deprived of said 3~-terminaJ sequence 

34 A hybridoma secreting monoclonal antibodies having the specifications of 
the antibodies of any one of claims 1 5 to IS 

5 35 A process for separating a p42 peptide with a given specificity from a 
mixture of peptides, characterized by bringing said peptide mixture into 
contact with a corresponding antibody, in accordance with any one of 
claims 15 to IS. preferably already fixed on an insoluble support, by 
subsequently dissociating the antigen-antibody compound formed and by 
recovering the purified p42 peptide. 

36. Use of a protein according to any one of claims 1 to 12 to prepare an 
immunogen composition which can induce an immune response against a 
PI as modi am i nfec t i o n . 

37. A vaccine composition comprising, as active principles, a mixture of a 
15 protein according to any one of claims 1 to 13 and either the corresponding 

pi 9. or another recombinant p42 or pi 9 type protein, originating from a 
parasite homologous with that from which said protein originates 

38. A vaccine composition according to claim 37, characterized in that the 
mixture of active principles is selected from the following mixtures 

21) • P. falciparum p42 and P> vi\xrc p42; 

• P. falciparum p42 and P. falciparum p 1 9; 

• />. vi\-ax p42 and P. vntDr pi 9; 

• P. falciparum p42 and P. fafci/xirvm pi 9. and P. \ivax pi 9 and P. vivax 
,>42. 

25 the p42 if necessary being deprived of its most hypervariable regions. 

39. A hybridoma according to claim 34. characterized in that it has been 
^ deposited at the CNCM with registration number I-1S46, on the 14 th 

February 1997. 
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